OECD TAXONOMY OF ECONOMIC ACTIVITIES BASED ON R&D INTENSITY

Background and objectives
This study provides a new taxonomy of economic activities according to their average level of R&D intensity. This proposed new classification builds on previous OECD work and incorporates three main novelties:
 It explicitly focuses on a measure of R&D performance intensity as the defining criterion that is an indicative but insufficient measure of high technology, a concept that is no longer explicitly associated to this OECD classification.
 It extends the analysis of R&D intensity to economic activities in services.
 It is based on the latest revision of the International Standard Industrial Classification, ISIC Revision 4.
The OECD has drawn in the past a series of technology-themed classifications of economic activities. Such classifications, based on ISIC Rev.2 and ISIC Rev.3, respectively, defined four broad groups of manufacturing industries: high, medium-high, medium-low and low technology. In the seminal study by Hatzichronoglou (1997) , the technology classification was created by clustering industries based on a measure of internal R&D intensity combined with estimates of R&D indirectly acquired through purchases of both domestic and imported intermediate inputs and capital goods. OECD (2003) provided an update based solely on R&D intensity, but the classification continued to be referred to as a technology classification. The application of this classification is quite widespread across OECD countries, as it provides a convenient way to summarise the presentation of a number of industrial statistics.
As noted in the OECD Innovation Strategy (OECD, 2010) and its recent update (OECD, 2015a), and echoing a wide body of literature, innovation is a much broader concept than R&D and not all firms that are successful at developing or implementing innovation are necessarily R&D performers. Many of these firms are successful adopters of technology which they have not developed. Measuring R&D intensity or embedded R&D in their purchases may not effectively characterise the innovative performance of firms or industries. Subsequent OECD work on measuring skill intensity, patenting activities and innovation by industries has provided a series of complementary indicators that facilitate a more refined description of the overall knowledge intensity in different economic activities, although these measures are not always widely available across a majority of OECD countries and partner economies. Recent work on a methodological framework for statistics on the development, application and impact of technologies cautions about the inappropriate use of the term "technology" and its confinement to R&D performance.
For this reason, the focus of the proposed taxonomy is solely and explicitly on a measure of R&D intensity. While our aim is not to develop a broader taxonomy, this provides a first step towards that objective, which could be attained once relevant measures of skilled labour force, patents, innovation expenditures, knowledge-based capital are developed at the industry level for a sufficiently wide number of countries. Consequently, the proposed clustering should not be interpreted or referred to as a knowledge-OECD SCIENCE, TECHNOLOGY AND INDUSTRY WORKING PAPERS or technology-intensity taxonomy, especially in service industries where R&D expenditure is a less appropriate predictor of technology use, knowledge generation or innovation in general.
This new classification extends previous work by covering not only manufacturing but also nonmanufacturing industries, namely agriculture, mining, utilities, construction and a broad range of services. R&D in these industries can also have a particular significance, even if, in many cases, it may appear to play a less important role than in manufacturing. The measurement of R&D in services does indeed pose a number of methodological challenges, which have been the subject of a dedicated OECD project 1 and have been considered throughout the latest revision of the OECD Frascati Manual (OECD, 2015b) following the improvements introduced in its previous edition (OECD, 2002) . In the past, OECD classifications omitted non-manufacturing sectors due to data limitations that have now been greatly diminished as a result of the adoption of the ISIC Rev. 4, which facilitated the in-depth analysis of service industries. Our latest analysis is also enabled by the additional effort of statistical authorities in recent years to ensure an exhaustive coverage of R&D performance across all business sectors in the economy.
The proposed taxonomy includes five groups differentiated according to their level of R&D intensity: high, medium-high, medium, medium-low, and low. For manufacturing industries, the results are very similar to previous classifications based on ISIC Rev.3 and a transitional adaptation implemented by Eurostat in NACE Rev.2.
2 This document reports on the robustness of this classification to different measurement approaches and notes the extent to which R&D intensity varies within industries across countries. This is a major feature that users should take into account when considering the application and the interpretation of statistics based on this proposed taxonomy.
The remainder of this report is structured as follows. Section 2 presents the basic concepts and measurement challenges related to R&D intensity. Section 3 describes the data sources and the level of industry detail. Section 4 presents the proposed classification and a number of robustness checks. Section 5 provides some concluding remarks.
The concept and measurement of R&D intensity
R&D intensity
R&D intensity is usually defined as the ratio of R&D expenditure to an output measure, usually gross value added (GVA) or gross output (GO) (OECD, 2015) . This indicator is commonly used at the level of an economy to measure its relative R&D effort (GERD over GDP) or its business sector (BERD over GDP or a more closely aligned measure of GVA for the business sector). In this study, R&D intensity serves as the criterion for ranking and classifying economic activities.
Industries and economic activities
A representative indicator of R&D intensity has been calculated for each industry. The concept of industry or economic activity is used here indistinctively, referring to the set of statistical units in the business sector that are allocated to the same ISIC code. The generally recommended statistical unit for compiling production account data by industry is the establishment, i.e. an enterprise or part of an enterprise that is situated in a single location and in which only a single (or a dominant) productive activity is carried out (EC et al, 2009 ). For R&D data aggregated by industry, the recommended statistical unit is the enterprise. These differences concerning the statistical units used for reporting R&D and GVA may cause biases in R&D intensity measures.
Furthermore, the R&D performed by an enterprise is, in principle, allocated to its main activity. However, there are different national practices concerning the treatment of large and complex multiactivity enterprises (broken down by sub-activity or not) and those firms specialised in providing R&D services (broken down by industry served or not). As a result, the criterion (employment, GVA or also R&D) or line of questioning used to define what represents the main activity of the R&D-performing enterprise may differ from that used in the context of economic statistics, especially when data sources are not integrated. This divergence may be further accentuated by efforts to collect policy-relevant data on the basis of the intended application of the R&D, which may differ from the dominant lines of activity within the enterprise. When such data are collected, the R&D is allocated to the industry to which the R&D is oriented, according to the nature or the final use of the R&D outcome. The OECD Frascati Manual of 2015 includes recommendations on separately collecting both types of information and avoiding, whenever possible, hybrid approaches that mix the two.
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Output and R&D data used in this study are respectively compiled according to the System of National Accounts (SNA) (EC et al., 2009 ) and the OECD Frascati manual. An important change between the SNA 2008 and the previous version (SNA 1993) concerns the capitalisation of R&D expenditure, which boosts the measure of value added among industries that invest in R&D. As a result, value-added data from the latest SNA version are systematically higher, especially in the more R&D intensive industries. All the ratios standardised by value added (especially R&D intensity) are impacted. In this study, in order to maintain the previous interpretation of the indicator among users, the output data are based on data compiled and reported under the SNA 1993, except for Australia which was an early adopter of SNA2008. Nevertheless, robustness checks have been conducted, using data compiled according to the SNA 2008 instead of 1993.
Calculation of R&D intensity
R&D intensity is calculated as the industry's business R&D expenditure divided by gross value added (GVA). Gross output is employed as an alternative denominator for comparison purposes. In this study, GVA is preferred for a number of reasons. Firstly, the coverage for GVA data is better than for gross output. Secondly, GVA is less sensitive to sector specific reliance on material inputs like raw goods. The proportion of intermediate inputs needed in the production process varies across industries and largely depends on intrinsic industry characteristics. For example, in the coke and refined petroleum industry (ISIC 19), intermediate consumption offsets 87% 4 of the gross output because of the crude oil inputs bought from the mining and quarrying industry. Intermediates over gross output ratios are heterogeneous across industries, from 35% for the real estate sector (excluding ownership of dwellings) to 87% for the coke and refined petroleum industry. The variation is also significant between manufacturing and nonmanufacturing industries (73% and 42% respectively). Unlike GVA, gross output measures lead to double counting the production of goods that are reintegrated within the same industry as intermediates and, in addition, are impacted more by changes in firm structures (e.g. mergers and break-ups). However, there are some potential caveats. Gross output has the advantage of being less responsive to outsourcing, contrary to the GVA which varies depending on whether jobs or, for example, the performance of R&D for the firm are externalised or not. But considering all the previous reasons, GVA is primarily used to normalise measures of R&D performance.
R&D is directly performed by industries but is also indirectly incorporated in both their purchased intermediates and capital goods. Indirect R&D measures intend to capture the diffusion of outputs' R&D content. The common way of estimating R&D flows between industries is to build indicators based on global input-output tables. Nevertheless, the limited availability of input-output tables in ISIC Rev.4 (and the absence of industry-by-industry investment flow matrices) did not allow for calculating such indirect R&D measures.
Industry-based R&D intensities are calculated as a weighted average of countries' R&D intensities, using value added in purchasing power parities (PPP) terms as weights in order to combine national figures into a representative total. The median across economies is also used in addition to the weighted average to OECD SCIENCE, TECHNOLOGY AND INDUSTRY WORKING PAPERS test the consistency of the results. We prefer the use of the weighted mean as it eliminates the global value chains bias, i.e. the fact that the R&D and the production can be undertaken in different countries.
Data
Data sources
For OECD countries, output data mainly come from the OECD's STructural ANalysis (STAN) Database.
5 STAN provides annual series on gross output components, capital, employment and trade flows by economic activity. It is primarily based on National Accounts by industry while complementary sources such as Business Statistics are used for estimating detailed activities. The internal OECD version of STAN, covering more countries than the online dataset, is the main source for gross output and GVA data. Complementary sources were used when necessary: for European countries, missing data in STAN were estimated using Eurostat's structural business statistics when possible. 
Industry level of disaggregation
The industry list used in this study is based on the International Standard Industrial Classification (ISIC) Revision 4. The industry level of disaggregation depends on the availability of both value added and R&D data. In some cases, 2-digit industries were grouped together and only the higher category was considered. This occurred when the coverage was unsatisfactory at the 2-digit level or when ad-hoc calculations on restricted data samples suggested that industries could be aggregated given their homogeneity in terms of R&D intensity. For instance, ISIC 10, 11 and 12 (food, beverages and tobacco respectively) were not individually selected. Instead, only the higher category ISIC 10 to 12 was used, for which data are well covered. When intra-industry variance was presupposed within 2-digit activities or was established in earlier works, sub-industries at the 3-digit level were included in the final list.
A total of 27 OECD countries 8 and 2 partner economies (Singapore and Chinese Taipei) covered in the OECD R&D database are included in the sample. Information on economy and industry coverage is available in Annex 1. The taxonomy is based on data for 2011, the latest year for which both output data compiled according to the SNA 1993 and BERD data by industry are sufficiently well covered. For Singapore, data correspond to 2010. Furthermore, ISIC 84 to 88 (public administration and defence; compulsory social security; education; human health; residential care and social work activities) are excluded because most of the R&D in these industries is carried out by sectors other than the business enterprises (namely government and higher education). Finally, the imputed rent of owner-occupied dwellings was removed for measuring the output level of the real estate activities (ISIC 68), as this National Accounts' specific imputation has no counterpart in terms of R&D.
The choice of 2011 as the reference year is largely determined by the narrow window of opportunity provided by the combination of ISIC Rev.4 data for R&D and value added, combined with value added data on the basis of SNA 1993. More timely information cannot be used without incurring a substantial loss of country coverage, given the above requirements. We have undertaken some analysis to ensure that results are not driven by specific economic circumstances for that particular year. By 2011, business R&D appeared to have recovered in most economies relative to low levels experienced during the worst of the global financial crisis.
Results
Proposed classification
Industries have been classified in Table 1 into five groups (high, medium-high, medium, mediumlow, and low). All manufacturing industries can be found in the high and medium categories, while nonmanufacturing industries are more widely scattered, from high to low R&D intensity. Within the group of the most R&D intensive industries, we find air and spacecraft (ISIC 303), scientific research and development (ISIC 72), software publishing (ISIC 582), pharmaceuticals (ISIC 21) and computer, electronic and optical products (ISIC 26). Two service industries thus occupy the highest position, alongside three manufacturing industries which were previously characterised as highly R&D intensive.
This new classification provides, for the first time, a more detailed appreciation of the R&D intensity in a number of non-manufacturing industries. While most are classified as low R&D intensity, industries within the information and communication services, the professional, scientific and technical activities, publishing as well as mining and quarrying feature in the higher four categories.
Identifying the cut-off points for distinguishing between groupings does not pose particular challenges. One potential exception is the delimitation between the medium and the medium-low R&D intensity industries, where there is a fairly small distance between the extremes. The frontier remains blurred when considering other criteria (see Table 2 ). ISIC 13, 14, 15, 23, 24, 33 and 69-75X could be alternatively classified in either class depending on the selected criterion. Within the medium-high group, there are two industries that are particularly distinct from and above the rest, namely weapons manufacturing and motor vehicles.
A more aggregated version of the taxonomy is provided in Annex 2 in order to facilitate its application in the context of reporting on more aggregated industry-based databases. Thus, as for the 3-digit activities of the taxonomy, higher-level industries of the ISIC hierarchy are also categorised to one of the five classes according to their R&D intensity: fabricated metal products, except machinery and equipment (ISIC 25) is attributed to the medium-low group, other transport equipment (ISIC 30) to the medium-high group, other manufacturing (ISIC 32) to the medium group -or, if ISIC 31 and 32 are not separately available as in the SNA A*64 list, furniture and other manufacturing (ISIC 31 to 32) to the medium group -and publishing activities (ISIC 58) to the medium-high group.
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Robustness checks
Country coverage
The proposed taxonomy is sensitive to the choice of the group of economies for analysis. The results show the industrial R&D performance among all economies of the entire sample for which data are available. But there can be significant heterogeneity across economies in terms of the absolute and relative R&D intensity of specific industries, reflecting what role an economy's industry plays in the global context. For instance, the R&D intensity in the automobile industry is 16.4% when considering the motor vehicle producing economies (11 countries accounting for 90% of the sample total value added in this sector) and only 6.6% for the remaining economies. The taxonomy would slightly change if we were to remove some countries or economies from the sample. The demarcation of certain groups can, in a few cases, depend on the contribution of single country. 9 
Median vs mean
One mechanism for testing the impact of heterogeneity in R&D intensity is to look at the difference between the mean of R&D intensities and the median. Table 2 shows a significant degree of consistency, with a rank correlation of 97.2% among the two measures. The results underline the difficult partitioning between the medium-low and medium R&D intensity industries, but the most significant difference concerns software publishing (ISIC 582). The median suggests that it should be allocated to the mediumhigh cluster and not to the highest. It is explained by the predominance of the United States in this industry: among the 12 countries having both value added and R&D data for software publishing (ISIC 582), the U.S. GVA in this industry represents 77% of the total sample and the U.S. R&D intensity reaches 35%, the second highest ratio.
Most differences appear to be driven by genuine heterogeneity in R&D intensity across countries within a given industry (see Annex 3). However, potential individual challenges may arise in the context of industries in which the mapping across different national classifications may not be straightforward, for example in the case of generic software design and programming where NAICS and ISIC may not entirely fully align. This may boost R&D intensity in software publishing in some countries relative to IT and information services. Unfortunately, it is not possible to construct measures of R&D intensity at a detailed industry level for a number of major OECD partner economies. Ideally, these R&D intensity measures should be constructed on a global basis in order to ensure that entire industry value chains are captured. There is a risk that for some industries, their measured R&D intensity may be under-or over-stating the true global picture as a result of missing economies like Brazil, India or the People's Republic of China (hereafter "China"), whose share in the global industry's value added and R&D may differ according to specialisation or other factors. These shares have been rapidly shifting but it is unclear what the overall impact may be on the R&D intensity of industries outside the scope of our study.
In the case of China, partial data 10 were included in the sample and the impact on the taxonomy is presented in Annex 6, providing an additional robustness check. As many rough estimates had to be made, and because the industry coverage was low, China was not included in the core sample of economies. China's total R&D-to-GVA ratio is below the OECD average in 2011; including data for China would decrease the average intensity in more than two thirds of industries. computer, electronic and optical products (ISIC 26), transport equipment (ISIC 29-30) and chemicals and pharmaceuticals (ISIC 20-21) would be particularly affected since China represents an important share of global GVA in these sectors whereas the corresponding R&D intensities are well below the sample average. Some sectors would be positively impacted though -namely electrical equipment (ISIC 27), textiles (ISIC 13), electricity, gas and water supply, waste management and remediation (ISIC 35-39), construction (ISIC 41-43), metals and metal products, except machinery and equipment (ISIC 24-25), paper, paper products, printing and reproduction of recorded media (17-18) -in particular ISIC 24-25 and 27 where Chinese R&D expenditures exceed those cumulated by all the other economies of the sample. Regarding the impacts on the actual classification, the inclusion of China could raise textile (ISIC 13) from medium-low to medium and could downgrade computer, electronic and optical products (ISIC 26) and other non-metallic mineral products (ISIC 23). Nevertheless, more recent data would probably offset this latter effect given that China has partially reduced the R&D intensity gap with the OECD zone since 2011. These comparisons raise a number of possible questions about the nature of economic and R&D globalisation in some sectors, as well as on data issues such as data comparability and the relevance of basing the assessment of R&D intensity on intramural R&D within the sector. It may be the case that different economies rely to a different extent on R&D from sources outside the industries.
Time coverage
The robustness of the taxonomy over time cannot be completely verified as it is not possible to create a balanced sample across years. Although historical data are available in the National Accounts as National offices produce back-calculations when new industrial classifications are adopted, this is not generally the case for R&D data. The ANBERD database partially overcomes this problem by providing historical estimates, however, all countries and industries cannot be reliably extrapolated backwards drawing on the ISIC Rev.3 data, especially for services which are also known to have increased their R&D intensity over time. The problem is similar for detailed output data estimated with Structural business statistics. Consequently, robustness tests could not be performed over a long period of time, nor over a short period because of the data volatility induced by the economic crisis. Nonetheless, as shown in Annex 5, the comparison with the previous taxonomy based on 1999 data in ISIC Rev.3 demonstrates a relative stability of the rankings over time for manufacturing industries.
However, as noted earlier, it is not possible at present to fully test whether the rise in absolute levels of R&D intensity in some industries in the OECD area has been associated to a fall in their share of global value added.
Gross output vs value added
The proposed taxonomy is stable when considering the gross output (GO) as the denominator except for distinguishing between the medium and medium-low groups as mentioned above and except for the coke and refined petroleum products (ISIC 19). The R&D intensity in this industry decreases to the very low group when calculated in terms of GO. This is due to the share of intermediates which reaches 87% of GO, the highest rate across all ISIC industries. Note also that the coverage is slightly lower than using GVA as no GO data are available for Australia, Ireland and Japan. As a result, for instance, the R&D intensity in the automobile industry (ISIC 29) would be much higher if Japan was in the sample (as is the case for value-added-based ratios).
Industry orientation vs main activity
Another robustness test involved replacing main activity with industry-orientation/product field data. The substitution was only possible for seven countries that had both measures covered in ANBERD (Belgium, Czech Republic, Finland, France, the United Kingdom, Italy and Portugal) and differences would have been more pronounced if product field series had been available for more economies. Nevertheless, predictable differences are already noticeable: due to their specific nature (industries serving other activities), scientific research and development industry (ISIC 72) and repair and installation of machinery and equipment (ISIC 33) drop by one group. It would not be accurate to rely on product field data to classify ISIC 72 as this industry is, by definition, highly R&D intensive. Concerning ISIC 33, it again highlights the unclear cut-off point between medium and medium-low groups. It is finally worth mentioning that pharmaceuticals (ISIC 21) is the most positively impacted industry when considering product field, which means that R&D services produced by firms in ISIC 72 are particularly oriented towards this industry. One challenge we cannot account for at present is the extent to which the reported R&D-using industry is actually located in a different country.
Gross value added compiled according to the SNA 2008 vs SNA 1993 11
Using GVA compiled according to the new SNA 2008 does not modify the groupings. R&D intensities are impacted downwards, owing to the capitalisation of R&D. The more intensive the industries, the more impacted they are by the adoption of the new standard: R&D intensities drop by 20% on average in the highest group, by 6% in the medium-high group, by 3% in the medium and medium-low and 1% in the low group. Overall, total BERD intensity decreases from 1.75% to 1.70%. In a few cases the statistical benchmark revisions offset the impact of changeover to the SNA 2008, making R&D intensities increase (for instance in ISIC 325).
Adjusting for multiple factors
The last column in Table 2 reports on the estimated coefficients from a regression that seeks to isolate a common industry-specific R&D intensity effect by separating the impact on measured R&D intensity of different country-level effects. This includes practices concerning the breakdown of R&D services into using sectors. Gamma coefficients estimated from the following regression: RDI α β γ δ 1 ∈ , ε , where RDI is the R&D intensity (using GVA) of industry j in country c and C consists of countries for which independent R&D firms or R&D firms part of an enterprise group have been, entirely or partially, apportioned into the industry served. The resulting coefficient has a rank Spearman correlation with the baseline measure of 95.3%.
Expenditure vs personnel-based measures of R&D intensity
We further tested the robustness of our results by comparing our key reference measure based on expenditures normalised by GVA with a measure of R&D personnel by industry, normalised by total employment. This measure, although available for a smaller set of countries, reduces the risk that estimates may be distorted by one-off episodes of capital investment for R&D. The results, reported in Annex 4, indicate a significant elasticity between the two measures of more than 90%. We also find that country industries that have higher than average expenditure-based R&D intensity (relative to the industry and country norm) also tend to have higher than average R&D personnel-based intensity, with a statistically significant elasticity of 87%. 
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c.).
The differences between both classifications as well as the Eurostat technology classification in NACE Rev.2 are summarised in Annex 5. It is also worth noting that repair and installation of machinery and equipment (ISIC 33) was not defined as a single 2-digit industry in the previous ISIC version. It is allocated to the medium group.
Concluding remarks and possible future extensions
This report has presented a proposal for a classification of economic activities purely based on the R&D intensity of industries, covering all sectors. The results are fairly consistent with previous classifications for manufacturing and deliver new insights on the service and other non-manufacturing sectors.
A number of potential extensions to this work can be considered but would rely on significant extensions and improvements to the underlying data:
 Analysis of R&D intensity embodied in intermediates inputs. In addition to data requirements, established approaches like Papaconstantinou et al. (1996) and Hatzichronoglou (1997) require introducing a number of assumptions such as imposing that industries' R&D expenditure is entirely and homogeneously embodied in their output. 14 Direct and indirect R&D intensity effects may differ in relevance vis a vis explaining productivity or sectoral performance.  Global value chains may distort the results since the R&D and the value added related to an enterprise's activities can be located in several different locations, some of which are outside the geographical scope of this exercise, due to data limitations. As numbers of MNEs increase, so too will this effect. It is hoped that this analysis can soon be extended to cover a number of large missing economies (especially among the BRIICS).
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 A further challenge results from R&D being conducted in a parent unit, or a unit isolated and classified in the Scientific R&D industry (ISIC 72), where the R&D is used in other industries. The existing data only allow an imperfect proxy of this by using the product field information available in some countries. One challenge we cannot account for at present without using additional microdata is the extent to which the reported R&D-using industry is actually located in a different country from the one in which R&D intensity is computed.
 In many economies, published figures may not fully capture the range of industries, especially in services. They sometimes represent a mix of the distribution of R&D by main activity and their industry of use orientation. As new guidance proposed in the revised Frascati Manual is implemented, a more complete picture and a mapping of R&D performance against use may be possible. This also applies to R&D performed outside the business sector that firms pay for or draw upon to support their innovation activities.
Users of this classification should be cautious not to refer to it as a technology classification, and consider carefully its relevance for the intended uses. As clearly noted, a sector's reliance on technology can be much more considerable than implied by R&D performance. The same can be said for the link with innovativeness or knowledge intensity. Several industries with low R&D intensity invest considerably in various forms of knowledge-based capital and draw upon a very highly qualified workforce. For users interested in these broader notions, this classification offers some insight, but is not the sole, component needed. The OECD's Directorate for Science, Technology and Innovation is continuously working to develop comparable measures in these areas which can support such classification efforts in the future. Agriculture, forestry and fishing 01-03 * * * * * * * * * * * * * * * * * * * * * * * * * * * Mining and quarrying 05-09 * * * * * * * * * * * * * * * * * * * * * * * * 
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